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(54) Optical fiter transmission system with compensation for fine cfistortfofH 



(57) A hfgh-aptssd, long-range transmission system transmit* a digital signal on a transmission fine formed 
by a plurality of optical Bber sections (1), a plurality of optical ampBffers (2) and at (east one device (3) for the 
on-line compensation of tha distortions induced In said (fitjtel signal by noise, chromatic dispersion, Kerr 
effect Gordon+lauRftter, ate. during propagation on Mid transmission Kne. 
The orWine compensation device (31 oornnrisw 

- firstly, ar least one bandpass optical filter <4> having a passband whose width is ecanparoblo with the 
bandwicfth of said dlgftal signal before transmission; and 

- secondly, at least one saturable ahaorbent element (5) that fe a norHEneer passive optical ntornsnt 
having an absorption mat decreases as the optical power increases. 
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OPTICAL FIBER TRANSMISSION SYSTEM WITH COMPENSATION FOR LINE 
DISTORTIONS 

Tbe field of the invention is that of digital transmission ai very long distances 
(several thousands of kSometen) on optica] fibers, in systems using line optical 
amp lification. 

In very long distance systems such as these, one of the main factors limiting the 
bit rare is tbe distortion induced by the transmission fiber. 

Indeed* while these distortions can be overlooked in varying degrees in standard 
Optical fiber systems (providing finks of tbe order of some hundreds of kilometers), they 
become highly disturbing factors in long-distance transmission systems. 

The invention relates to a system of transmission on an optical fiber Hoc enabling 
compensation, on line, for this distortion induced by the transmission line in the case of 
transmission lines having a length of at least a thousand kflometers such as those used for 
transoceanic links. 

The distortion provided by the transrnkurioti fiber arises out of the combined 
existence of two phenomena that occur in monomode fibers: chromatic dispersion and 
non-linear effects. 

The first phenomenon is that of chromatic dispersion. This phenomenon arises 
outoftl»frc<iucacydc It results in propagation 

times thai differ according to the operating wavelength- Generally, the chromatic 
dispersion T&ndS to widen the pulses of the cSgital trains and. therefore, to create inter- 
symbol interference. 

In the commonly osed fibers, the chromatic dispersion is zero around U fun and 
takes a positive value of about 17 ps/hra/km around 1.5SfinL It is also possihfe to nee 
fibers with offset dispersion that are designed to have zero chromatic dispersion in the 
region of I^Sjiin, 

Very long distance systems (covering distances of several thousands of 
kilometers) work at 1 .55p.m. The excessive value of the chromatid dispersion, at this 
wavelength, of the commonly osed fibers roles out their use. and in this case therefore it 
will be fibers with offset dispersion tint used. 



Il mast be acted thai the effect of distortion by chromatic dispersion depends 
greatly on the spectral components of the pulses: if a puke has optical phase variations 
that are positive at its beginning and negative at its cod. It will he greatly widened by a 
positive chromatic dispersion* The converse is tnie for negative dispersions. 

Finally, the ehmmstic dispersion induces distortions that at* independent Of the 
optica] power. 

The second phenomenon relates to non-linear effects. The most important non- 
linear effect in a fiber is the Kerr effect- This effect, which is described for example in 
KW. Blow and JJ. Dotan, "Non-linear effects in optical fibers and fiber devices" (IEEE 
Proceedings, Jane 1987* pp. 138-144), expresses a linear dependence of silica with 
respect to the optical power. 

This effect is very low in the nsnal fields of operation of optical systems (at 
distances smaller than about 400 km and at power values lower than about 10 siW), but 
becomes iion-negfigxble for very high power values (of the order of 1 W) or for very 
grant d ista nces of propagation at moderate power values (some hundreds of kilometers in 
a system using periodic amplification). 

When there is no chromatic dispersion, the Kerr effect induces a phage self- 
modulation of the optical pulse: the phase diminishes at the start of the pulse and then 
increases at its end, proportionally to the optica] power. This Induces a widening of the 
optical spectrum and a spectral composition that promotes a major degree of widening for 
negative chromatic dispersion. 

In long-distance amplified systems, the distortion provided by die transmission 
fiber should therefore be considered robe the combination of the chromatic dispersion 
(the first phenomenon) and of the non-linear effects (second phenonmon). 

The combination of these two effects may be described by a noo-lirar equation 
with partial derivatives in distance and iu time known as SchrOdinger's non-linear 
equation, the resolution of which is rffeenssed notably in G, Agrawol, "Non-linear Fiber 
Optics", Academic Press: 

The numerical and analytic study of this equation show (hat there are two types of 
behavior that are qualitatively very different depending m th« sign <s£ th* cLromotio 



dispersion (D) and the shape of (Le pulses* 

The first type of behavior corresponds to D > 0. Li this case, the Kerr effect and 
the chromatic dispersion have opposite effects on the transmitted pulses. In general, this 
leads to phenomena known as "modulation instability" phenomena: tbe pulses "burst" 
into very short pulses after 1.000 to 2,000 km and the optical spectrum widens 
considerably. This may lead to problems relating to the optical passband. There also 
exist, in this type of behavior, pulses of a particular type known as soli tuns which, being 
defined precisely fay their temporal and spectral shape and their peak power, have the 
property of getting propagated without any modification of shape. 

Tbe second type of behavior corresponds to D < 0. In this case* there is no 
modulation instability and die pulses retain a certain degree of integrity while the 
spectrum widens monotonically during die propagation in keeping reasonable widths. 
However, the pulse* widen greatly in tbe course of time* This creates inccr-symbol 
interference. This interference, which depends increasingly on the absolute value of the 
chromatic dtyeuiun, thus greatly restricts the acceptable range of chromatic dxsposion in 
this field. 

Already, for very long distance (6,000 to 9,000 km) amplified underwater 
systems, working at a bit rate of 5 Gbit/s, the above-mentioned effects arc major effects 
and call for special precautions as regards the signal wavelength, (he oatput power of the 
amplifiers and the choice or arrangement of the line fibers according to their chromatic 
dispersion. The range of operation chosen is then that of the quasi-zero negative 
chromatic dispersion (D < 0) with a so-called NRZ modulation format (intensity 
modulation, direct detection). 

Consequently, for the designing of $y$tems having a similar length but an oven 
higher bit rate (10 Gbxt/s and more), the above-mentioned propagation effects become 
crucial and higfaly restrictive Tbc designers axe lien deed with an ad hoc choice over the 
field of chromatic dispersion: namely chromatic dispersion that is either negative or 
positive. 

Indeed, when the chromatic dispersion & almost zero ami slightly negative, the 
field of operation in terms of wavelength is farther reduced with a certainty that the 



manufacturing constraints Will be more severe ax regards the line and ih© 
tronAmi ssicn/receptioa elements, 

For a chromatic dispersion value such as this that is almost 2ero, all the known 
m.thods of compensation tor tflswrtlou introduced by the transmission line implement 
either compensation at transmission or compensation at reception. All these known 
methods therefore have the major drawback of not allowing cfae temporal and spectral 
reshaping of the pulses. Consequently, these known methods do not make it possible to 
prevent an exaggerated widening of the pulses which prompts inter-symbol interference. 

In any case, it would appear to be extremely difficult to obtain a bit rate of over 10 
Gbilfs in die current state of the arc. 

Furthermore, should the chromatic dispersion be positive and should the pulses 
be soiitons, these soUtons have the advantage of not getting deformed during propogBtica 
and arc therefore immtrae to propagation distortions. However, these soliton-type pukes 
get mixed non-linearly with the noise put cut by the Wific. This produces a temporal 
jitter at reception {known « a Gordon-Hans jitter) which is a source of levels of error, ff 
this jitter alone is considered, the limitations on bit rate iu systems using soiitons at very 
tens distances ((5,000 to 9,000 km) are in the range of 5 Gbitfe. In order to increase the 
hit rate despite this jitter, several approaches have been proposed. 

Two first known approaches are based on multiplexing techniques (wavelength 
multiplexing in one approach and polarization mnlnplexing in the other). 

Two other known approaches, whkh seek to reduce the jitter itself in order to 
tocreasett^rnaxhniim Oneapproach 
implements a control by filtering which consists in placing rdauvely narrow optical filters 
on the line. The other approach Implement* a control by modulation in which an On-line 
optical remodulation is carried out on the train cfsolirons at the clock firgncucy. This 
aprjroacb therefore implies the use or high frequency modulators in the line. 

The latter two methods have drawbacks. For the ou-hac filtering, the redaction of 
jittei depends on the spectral narrowness of the filter. Now. the narrowness of this filter 
cannot be increased to an exaggerated extent for the necessary extra pain associated 
therewith then leads to a very substantia] mere*** in tKe ^ ^ M¥liflHl A 



so-called 'sliding filter* las been proposed. This consists in making tbe center frequency 
of the fillers slide all along the line. This method gives good results in the laboratory bat 
Appears to be difficult to ixxxplazient in a system because the frequency shift is very low 
(some hundreds of MHz) as compared with the width of tbe filler (ahnm a hundred GHz) 
and is therefore very difficult to achieve on an industrial sc?ie. For tbe on-line 
modulation, the restriction arises rather out of the on-line modulator component and its 
electronic circuitry which has to work at veiy high speeds and requires electrical supply 
on the line. Finally, unlike filtering, modulation Is not compatible with wavelength 
multiplexing. 

The invention is aimed notably at overcoming these different drawbacks of the 
prior art 

More specifically, an aim of the invendon is to provide a system capable of 
compensating for the distortions induced by a very long distance transmission line on 
optical fibers with on-line optical ampOfkatiou. 

Another aim of the invention is to provide a system such as this that is simple to 
implement, costs liulc, la reliable and requires neither any electrical supply on the line tot 
any precise setting of electronic modules. 

It is also an object of the invendon to provide a system such as this thai it 
possible to envisage high tnonochannel bit rates (of over 10 GfWts/s) and is cou^atihle 
with waveleafith multiplexing. 

Another aim of the invendon is to provide a system such as this that can be aged 
to stabSiaD the level of noise ou die "0"? and tbe "I"*. 

A complementary aim of the invention is to provide a system such as rtiW that can 
be implemented with fibers that have almost zero (and below zero) chromatic dispersion 
and are associated with solitona as well as with fibers having positive chromatic 
dispersion* 

Another aim of die Invention is to provide a system such as this which, in tbe case 
of a transmission of solitoa&, has a very high rate of jitter reduction. 

Another aim of the invention is to provide a system such as this making it 
possible, ia th# oac* of a poafcj<v« ehjonfeuii; dispersion, to otnain a temporal and spectral 



reshaping; of the light pulaea conveying the infermalnn, 

Hiese aims, as well as others mar rf»n appear hereinafter, arc achieved according 
to the invention by means of a system for the transmission of a digital signal on a 
transmission line with an optical on-line amplification, said transmission line being 
forced by a plurality of optical fiber sections and a plurality of optical amplifies, each of 
said optical ompfifiera being interposed between two adjacent optical fiber sections, said 
system comprising at least one device for the on-line compensation of the distortions 
induced in said digital signal, notably by the noise and the propagation on said 
transmission lme, 

said on-line compensation device comprising: 

- firstly, at least one bandpass optical filter having a passband whoso value is, 
Five or take about one order of magnitude, comparable to the passband of said 
transmitted digital signal; and 

- secondly, * lcast one saturable absorbent element that is a nim-linear pasriva 
optical element having an absorption Out depends decreasing]? on the optical power. 

Thus, the on-line compensation device which, as the case may be, can be inserted 
in several places, associates a saturable absorbent element and at least one bandpass 
optical filter. 

The saturable absorbent element has two functions, namely: 

- firstly, it reshapes the pulses of the digital train both temporally and spectrally, 
notably by carrying out a differential attenuation of their lowest-power "tail-end" 
components, and 

- secondly, it carries the dlfiwntial attenuation of the low-power strays of the 
tram (strays due to noise and to possible "leakages" of a part of the energy of the pulses), 
thus preventing their getting accumulated during propagation. In other words, the 
saturable absorbent element applies a differential gain to the train by attenuating the 
energy present in the "0"s to a greater extent than me energy p**«it in the "l"* 

This reshaping makes it possible: 

- for given diaracterisTics of the system (bit rate, line parameters, etc.) to widen 
the uiargns In terms of pertorraance characteristics of the system: 



- to design novel systems using the invention with a higher monochanncl bit rate 
than is the case in the prior an; 

- to design novel systems using the invention end a wavelength and/or 
polarization multiplexing of channels having a total capadfy that is higher than the 
capacity permitted in the prior art. 

The relatively aarmw bandpass filtering of the optical signal is aimed at stabilizing 
the effect of tec saturable absorbent element by limiting the spectral width of the poises. 

m a first advantageous embodiment of the Invention, said compensation device 
has a. saturable absorbent element and a bandpass optical filter toot me adjacent. 

In a second advantageous embodiment of the invention, said compeosatlon device 
has a saturable absorbent element and at least two bandpass optical filters, said bandpass 
optical fitters being distributed along said transmission lira. 

In this way, if the saturable absorbent element, by virtue of its being a particular 
component,' is located at a given point, the associated Alter constituted by the set of 
bandpass optical filters gets distributed along the Ene. 

Advantageously, said absorbent element and said bandpass optical filter or fibers 
is/anj placed firstly upline with respect to a fiber section and, secondly, downline with 
respect to an optical amplifier. 

Thu*, in the caac of a filter distributed along the line, each of the optical filters 
forming this distributed filter is located after an an^Iinw and carrica oniu weaker fflcerJtig 
thmtoonedcrebyasingte(i^^ Inthisway, the adding up of these 

optical filters is equivalent to a narrower filter placed in the vicinity of the saturable 
absorbent dement 

In a preferred embodiment of the invention, said optical fiber sections have a 
mean opdeal dispersion thai is very slightly negative at the operating wavelength of the 
system. 

According tu an advantageous variant, said optical fiber sections have a mean 
ctoraanc dispersion that is positive at the operating wavelength of the system and said 
digital signal is sent out in me form of a train of solitons. 

In Bub union*, tfc* bandpaja £Ute*uig ambles ins Umldng 01 toe temporal jitter. 
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Fonfaermore, the saturable absorbent dement enables the use of filters that axe far 
than those used In the prior art (and therefore makes it possible to further limit 
the temporal jitter by improving the quality of tta filtering). 

Advantageously, said saturable absorbent element has at least one of the following 
characteristics! 

- the ratio of the maxim am optical power, in saturation, transmitted by said 
s at u r ab l e absorbent element, when suid absorption is the minimum on the ooe hand, to 
the nrinimum optica] power, without saturation, transmitted by said saturable absorbent 
clement whea said absorption is the maximum on the other HrniH t js great 

- at the input of the absorbent clement, the peat: power of the pulses forming said 
digital signal saturate said absorption of said saturable absorbent element; 

- the time taken, for said saturable absorbent element, to go from maximum 
absorption without saturation to minimum obsorptioa with saturation and viae versa is 
shorter than the duration of each of the pulses forming said digital signal. 

The ratio between the maximum optical power and the minim um optical power 
may be called contrast 

It is clear that the saturable absorbent element having these three characteristics is 
the most efficient one. 

Hie to-and-fro time between the maximum saturation and the minimum saturation 
of the ^atucablc absurtxxzc element is advantageously chosen to be short so than 

- after tha passage of a saturating pulse, the absorption of the absorbent element 
rises again before the arrival of the next pulse: and 

- at the arrival of a saturating pulse t the absorption of the absorbent f-W^eftf 
decreases rapidly and lets this puis* through as efEciendy as possible. 

Preferably, said saturable absorbent element Is of the type having Absorption 
saturated by the peak power of the pulses forming said digital signal, and the optical 
amplifier placed immediately upline with respect to said saturable absorbent clement has 
means to adjust lis output power. 

In this way, the output power of the optical amplifier placed immediately Upline 
with respect to the saturable absorbent element can he adapted to the powar required at 



input of this saturable absorbent dement 

Advantageously, said optical amplifier placed immediately upline with respect to 
said saturable absorbent element also has means to check its output power, said checking 
means activating said adjusting means. 

Uras, it is possible to ensure that there are given mean power values af input of 
the saturable absorbent element and hence that there me performance characteristics that 
are constant in time. 

Advantageously, said optical amplifier placed immediately upline with respect to 
sai d s aturab le absorbent dement h preceded by an a^MitT^n! optical amplifier. 

This corresponds to the case where the saturable absorbent element calls for 
saturation power values that, for example, are tea times higher than those at output of 
standard line amplifiers. The additional optical amplifier thuj makes it possible to 
increase die power to the requisite level 

Advantageously, an optical attenuator is placed downline with respect to said 
saturable ahsorbent efcmenL 

This makes it possible, if need be, to reduce the power at the input nf the fiber to a 
lower requisite leveL 

Preferably, said digital signal is encoded according to the RZ binary format 
Advantageously, said bandpass optical filter or filters belong to the group 

- optical Alters made by interference layers; 

- Optical filters made according to the Abry-Perot principle. 
Advantageously, said saturable absorbent element is made out uf semiconductor 

anperiattiecs of the In Ga As, Ga As type far example. 

Other feamrea and advantages of the invention shall appear ftom the following 
description of a preferred embodiment of the Invention, given by way of a noo-tcstricttvc 
example, and from the appended drawings, Of which! 

- figures I and 2 each show a transmission line and a distinct embodiment of a 
compensation device implemented in a transmission system according to the invention; 
. ssgur* 3 s ivoa o«d c^cwu^iiuj uurvc or variation, as a function of the optical 
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power, of Che absorption of a saturable absorbent element implemented hx the system of 
tha invention; 

- figure 4A gives a curve of variation, as & fhnction of tone, uf the optical power 
far a ponton of a binary train encoded to the RZ binary format and constituted by two 
consecutive 9 l m &; 

• figure 4B gives three curves each stowing the variations, a* a function of time, 
of the absorption of a distinct saturable absorbent element when the signal thaf is applied 
to it is the signal shown in Figure 4A; 

- Figures 5A, 5B and 5C each show a curve of variation of the optical power as a 
function of time for one and the same pulse located at different points of the transmission 
fine of a system according to the invention, namely respectively: 

before the compensation device; 

after the saturable absorbent element and before the bandpass optical filter; 
after the cpnapeosatxm device; 

- Figures 6A, SB and 6C each show a curve of variation of the optical power as a 
function of the optical frequency for one and the same poise located respectively at the 
points corresponding to Ksures 5A, 5B and 5C; 

- Plgunss 7A and 7B each show a distinct variant of the transmission system 
according to the invention shown in Figure I. 

The invention therefore relates toasystemforthe veiy long distance trnnsmiaason 
of a digital signal between a transmission station and a reception station. This 
transmission station and this reception station arc connected by an optical fiber 
transmission line wixb on-line optical amplification. 

Figures 1 and 2 each show a transmission line such as this as well as a distinct 
embodiment of a device for the on-line compensation of the distortions Induced on the 
digital signal notably by the noise and the propagation on die transmission lin e. 

The transmission line hat a plurality of optic fiber sections l f two consecutive 
fiber sections being separated by an optical amplifier Z 

In the first embodiment shown in Figure I, the on-line compensation device 3 
composes; 
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- firstly, a bandpass optical filter A having a p&ssbmd whose value is, give or take 
about one order of magnitude, comparable to the band of rhe transmitted aignuJ; aud 

- secondly, a saturable absorbent element 5 that is a non-linear passive optical 

Tnus, the passband of the bandpass optical fitter 4 is, for example, equal to or 
greater than (ap to 20 times grwer lhan) xht band of the transmitted signal. 

In this example, the compensation device 3 is localized at a fixed point of the 
transmission line. More specifically, the compensation device is placed opliae with 
respect to a fiber section i and downline with respect to an optical amplifier. In this 
Figure l.tte fflkr4ia placed ai^whli rasped fi 
met be noted however that the order between these two elements 4. S enostituting the 
compensation device 3 is different 

Tie second emboiiment shown m Figure 2 differs from the fust cxnbodlment 
shown in Figure 1 solely in that the bandpass filtering is done not by one filter only but 
by a plurality of bandpass optical filters 4, to 4j distributed along the transmission line. 
The distribution of these filters 4, to4 3 is done for example so that each bandpass filter 
placed downline with respect to an amplifier 2 filters less strongly than a single filter. 
Thus, the adding up of these filters 4, to 4 3 is equivalent to a narrower filter placed dose 
to the saturable absorbent element 

In these two embodiments of the compensation device of the invention, the 
bandpass optical filters may be made, for example* with intecfemwe layers or according 
to the Fabry-P£rot principle. Pnrtnennora, the saturable absorbent element is made, for 
example, with scmicondncror supedattices, notably of the la Ga As, Ga As type! 

Figure 3 exemplifies a curve of variation, as a function of optical power, of the 
absorbent of the satmablc absorbent element 5. This absorption depends in a rapidly 
Decreasing way on the optical power and has two substantially constant levels of 
absorption; one absorption level A," for the low optical power values and one absorption 
level A 2 for the high optical power values. On this curve, the saturation power P 8 is 
defined as the optical power for which the absorption ia coaal to (Aj - 3dB). 

tn* JJ fi it«i «t£n*i l, ertMnnttcd Jn the form of a pulse wave. The Figure 4A 
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shows a curve of variation, as a function of lime, of the optica! power of a portion of a 
binary train encoded according to the RZ format and constituted by two consecutive 
pulses 41, 42. Each pulse 41, 42 corresponds to a binary element 1. TLr duration 
between two consecutive pulses is the Ml time T^. 

Figure 4B shows three norves C„ C lt C 3 each showing cue variations, as a 
function of time, of the absorption of a distinct saturable absorbent element wl*u tfte 
signal applied to it is the signal shown in Figure 4A. 

The first carve C. corresponds to the very favorable example of a saturable 
absorbent element with zero reaction time: the absorption varies Inversely to the optical 
power and does « without delay. The to-and-fio ctae between maximum absorption 
without saturation and minimum absorption with saturation is short u compared wita the 
tntnsidon time of the train (namely the bit time TjJ. 

The second curve Q corresponds to the less favorable but nevertheless acceptable 
case of a saturable absorbent element having a reaction time that is not zero but is 
sufficiently abort The absorption time varies inversely to the optical power and does so 
with a small delay. 

The third curve C 3 corresponds to the unfavorable and unacceptable case of an 
ateorprJon element having an excessively lengthy reaction time. The absorption varies 
inversely to the Optical power and does snwjtha substantial delay. 

The action of the saturable absorption demem and of the bandpass optical filter is 
presented, in the temporal field, in relation with Figures 5A, 3B and 5C and. in the 
Oequency field, in relation with the figures 6A, 6H and 6C 

Figures 5A and 6A each show a curve of variation of the optical power, as a 
function of the time and of the opticnl frequency respectively, of a pulse at a point of the 
line located before the compensation device. This pulse then has a temporal width AT, 
and a spectral width AFj. 

Figures 5B and 6B each show a curve of variation of the optical power, as a 
function of die time and the optical frequsncy respectively, of a pulse ai a point of the line 
located after the saturable absorbent element and before die bandpass Optical filter. The 
trmnxind wldtH dT 2 of the pulse has ctfmmished (AT a <AT ? ). The saturable «i»«t~« 
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dement therefore has the role of improving the quality of the pokes by carrying out the 
differentia] attenuation of their tail-end components having the lowest power and of (he 
low-power stray pukes due to the noise and to leakages" if any of a part of the energy of 
[he pulses. By contrast, the spectral wicuh AFj of the puke has increased CAF 3 > AP,), 

Figures 5C and 6C each show a curve of variation of the optical power as a 
fanction of the tine and the optical frequency respectively, of a pulse and a point of the 
line located after the compensation device, the spectral width AFj of the pulse has 
dnrinisherl (AF 3 < Aty. The pnssband optical filter therefore has the role of stabilizing 
the action of the saturable absorbent element by limiting the spectral wi Jth of the pulses. 
By contrast, the temporal width AT 3 has increased CdT 3 > AT*). 

The most favorable ease consists in having AT3 ■ 6T\ and AFj * AF3. Thus, the 
pulses are received without distortions 

It most be noted that the adding on of a power non-linear element such *$ the 
saturable absorbent element fundamentally changes the basic elements of the problems 
related to propagation. For, if the width of thc-filter and the saturation level of the 
absorbent element arc appropriately chosen, the compensation device has a qoasi- 
regenerating function since it re-improves the quality of the pulse bulb temporally and 
specially. Placed periodically in a long-distance system with the given characteristics, 
this compensation device leads to a periodic development of the pulse train. Thus even 
if, between two cotnfjensation devices, the pulses wen to widen or narrow temporally or 
apeetraUy according to tte paran^^ 

next compensation device, be once again brought back to their state of equilibrium. This 
therefore ensures stable propagation throughout the line. Similarly, while the poises at 
the input of the line do not correspond exactly to the state of equilibrium, they tend 
towards this state after passing through a pan of the line and through a few cornpensation 
devices, The number of compensation devices and their exact characteristica may be 
defined, for example, by numerical simulation with the foIlowin fi general rule: a 
compensation device must be inserted before the system readies a point of non-return 
(namely before the existence of inter-symbol interference between successive pulses or 
again before the appearance of substoatia] « trays between tec puiscs). 
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saturable absorbent element 5 can be reduced, if need be, to a required lower level by 
means of an optical attenuator 75 placed at output of the saturable absorbent element 

For example, by taking typical erbium-doped amplifiers, this type of 
configuration gives a gain Of two to three magnitudes on the saturation level Can amplifier 
having a mean output level of -10 to +15 dBm). In this way, it is possible to use 
gatnrahle absorbent elements with power characteristics that ate relatively different from 
what is required from a line and propagation viewpoint 

Figure 7B corresponds to the case where the saturable absorbent element requires 
even higher saturation power values, for example power valoes that are ten times higher 
than those at output of the standard line amplifiers. In thfs case, the repeater 71 placed 
immediately upline witli respect to the absorbent element is preceded by an additional 
optical amplifier 76. There are thus two amplification stages that make it possible to 
increase the power to these requisite levels. 

Tie rest of the description relates to the presenting of three results of the 
implementation of a transmission system according to the invention* 

In chese three results, the wavelength of operation is located in the amplification 
window of the erbium-doped fiber amplifiers (namely 1,528 nm to about L50 nm). The 
line fiber has an effective surface area of about 50 \vm*, a Ketr index of about 2,7 10-20 
m^5> end an attenuation value of 0.2 dH/fcci approximately. 

In the first case, the system uses the RZ modulation in the almost-zero chromatic 
dispersion mode and has the following characteristics: 

-RZ train modulated at 20 Obit/c with pulses having a width at mid-height Of 10 

ps;and 

- line constituted by fiber sections with offset chromatic dispersion of a mean 
value of -0.05 ps/nm/km at the wavelength uf operation and a loss of 0*2 dB/kro, and 
erbium-doped optical fiber amplifiers spaced out at distances of 40 km with a mean 
output power of 0 dBm and a noise factor of 6 dB. 

Without a compensation device, the performance characteristics are very poor (it 
is impossible to retrieve the clock signal) after about 2,000 km. 

if a eoiTTpcaattiau jcvicv comdoiieci by a oanapass optical filter having a band of 
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about 0.4 nm at 3 dB and a saturable absorbent dement (saturation power of some 
milliwatts) are placed at intervals of 200 km (after an amplifier) and if an output power 
value of 0 dBm is maintained at the output of the compensation device, the train gets 
propagated up to 9,000 km while keeping excellent pttfennflttcechatarteristic (with error 
rates far lower than 10- ,fi at 9,000 km). 

In the second case, the system uses the RZ modulation in "aoliton" propagation 
mode and has the following characteristics; 

- RZ train modulated at 20 Gbit/s with pulses having a width at mid-height of 10 

ps; and 

- line constituted by fiber sections with offset chromatic dkpensioD. of a mean 
value of 032 ps/nm/km at the wavelength of operation and a losa of 0.2 dB/km, and 
erWiuu-dupcd optical fiber amplifiers spaced out at distances of 40 km with a moan 
outpnt power of +3 dBm and a noise factor of 6 dB. 

Without a compensation device, the performance characteristics are very poor (it 
is impossible to retrieve the clock signal) at 9,000 km. With a 1 J nm band filter at 3 dB 
inserted after each amplifier, the performance characteristics are very poor (ft is 
impossible to retrieve the clock signal) at 9,000 km. By insetting a saturable absorbent 
element (with a saturation power of some milliwatts) every 400 km (after an amplifier) 
and by keeping the filters, the train fiets propagated while keeping- excellent performance 
characteristics (with error rates far lower than 10-*o at 9.000 1cm). 

In the third case, the system oscs the RZ modulation in soliton propagation mode 
and has the following characteristics: 

- RZ train modulated at 40 Gbit/s with pulses having a width at mid-height of 5 

ps* and 

- line constituted by fiber with offset chroirwrjc dispersion of a mean value of 0.11 
ps/nm/km at the wavelength of operation and a Joss of 0.2 dB/km. and.erbium-doped 
optical fiber aropl Ifiers xp&eed out at distances of 40 km with a mean output power of +5 
dBm and a noise factor of 6 dB. 

Without a device, the performance characteristics are wry poor fit is impossible to 
retrieve the clock signal) starting from a distance of a,ooo icm. wjth - tju i>en<s inter m 
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3 dB inserted after each amplifier, the performance charactcriaticH are very poor Qt is 
imposs&le to retrieve tto clocfc signal) starting from a distance of 3,000 km. By inserting 
(after each amplifier, L6. every 40 km) a saturable absorbent element (with a saturation 
power of some milliwatts) while keeping the fihers and by keeping an output power of 
+5 dBm (at the output of the compensation device this time), the train gets propagated 
white keeping excellent pexfbtroanco characteristic (with error rates Jar lower than 10-10 at 
9,000 km). 
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CLAIMS 

1. A system for the tnmsmiaaioo of a digital signal an a transmission line with an 
optical oa-line amplification, said transmission line being formed by a plurality of optical 
fiber sections (1) and a plurality of opdcal amplifiers (2), each of said optical amplifiers 
(2) being interposed between two adjacent optical fiber sections (1), said system 
comprising at least one device for the On-line compensation of the distortions ^'rm i i* 
said digital signal, notably by the noise and the propagation oa said transmission line, 
wheiein said on-line compensation device (3) comprises: 

- firstly, ai least one bandpass optical filter {4; 4i to 4?) having apassband whose 
value is, give or take about one order of magnitude, comparable to the passband of said 
transmitted digital signal: and 

- secondly, at least one saturable absorbent element (5) (hat is a nca-finear passive 
Optical element having an absorption that depends decrcasiugly on the optical power. 

Z A system according to claim 1. wherein said compensation device has a 
saturable absorbent element (3) and a bandpass optical filter (4) that are adjacent, 

3. A system according to claim l> wherein said compensation device has a 
saturable absorbent element (5) and at least two bandpass optical filters (4; 4 x to 4 3 ), said 
b an dpa ss optical filters being distributed along said transmission line. 

4. A system according to one of the claims 2 or 3 » wherein said absorbem dement 
(5) and sadd bandpass opdcal filter or filters (4;4i to 4j) Is/are placed firstly upline with 
respect tn a fiber section (I) and, secondly, downline with respect to an optical flf flpKfi*».r 
(5)- 

5. A system accurdlng to any of the claims 1 to 4, wherein said optical fiber 
sections (1) have a mean opdcal dispersion thai is very slightly negative at the Operating 
wavelength of the system, 

6. A system according to any of the claims 1 to 4, wherein said optical fiber 
sections (1) have a mean chromatic dispersion that is positive at the operating wavelength 
of the system and wberein said digital signal is sent oat in thefbnn of a train of sofitons. 

7. A system accordiog to any of Ihe claims 1 to 6, wbeteia said saturable 
absorbent element (5) has at least one of the following characteristics: 
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- the ratio of the maximum optical power, in saturation, transmitted by said 
saturable absorbeni dement, when said absolution is the minimum on the one hand, id 
the minimum optical power, without saturation, transmitted by said saturable absorbent 
element when said absorption is the maximum on the other hand, h great; 

- at the input of the absorbent element, the peak power of the pulses forming said 
digital signal saturate said absorption of said saturable absorbent dement; 

- the time taken, for said saturable absorbent element, tn go from maximum 
absorption without saturation to minimum absorption with saturation and vice versa is 
shorter than the duration of each of the poises forming said digital signal, 

8. A system according to claim 7 in which said saturable absorbent element (5) is 
of the type having absorption saturated by the peak power of die pulses forming said 
digital signal, wherein die optical amplifier (7 1 ) placed immediately npUne with respect to 
said saturable absorbent element (5) has means to adjust its output power. 

9. A system according to claim 8, wherein said optical amplifier (71} placed 
immediately upline with respect to aid saturable absorbent element also has means (73) 
to cheek to output power, said checking means (73) activating said adjusting means. 

10. A System according to one of the claims 8 or 9, wherein said optical amplifier 
01) placed immediately upline with respect to said saturable absorbent element (5) is 
preceded by an "^tionnT optical amplifier (76) , 

1L A system according to any of the claims 8 to 10, wherein an optical attenuator 
(75) in placed downline with respect to said saturable optical element (5). 

12 A system according to any of the claims I to 1 1, wherein said digital signal is 
encoded according to the EZ binary format. 

23. A system according to any of the claims I to 12* wherein said bandpass 
Optical filter or filters (4; 4) to 4*) belong to the group comprising; 

- the optical filters made by interference layers: 

-the optical niters made according to the Mbry-Ferot principle. 

14. A system according to any of the claims 1 to 13, wherein said saturable 
absorbent element (5) is made out of semiconductor superiattira. 
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